A review of the Web sites of state departments of education reveals that many states mandate K-12 curriculums or content standards (e.g., New York and California), especially in the core disciplines (USDE 2002) ; many of these states publish their mandated curriculum on the World Wide Web, usually at the state department of education site. Other states have curriculums written and mandated at the district or school level (e.g., Maryland and Iowa). A mandated curriculum means that every teacher in a school within the jurisdiction that issued the mandate must teach the prescribed content. Curriculums often include objectives, outcomes, or expectations related to content knowledge and skills; they sometimes include other components, such as attitudes or projects. Typically, state-mandated curriculums are revised cyclically (every 5 or 7 years, for example) by a committee consisting of members of the state education department, teachers, university faculty, and curriculum supervisors.
Influential nonprofit organizations and parent groups may also be invited to send representatives. The committees may incorporate elements from national disciplinary standards (e.g., Geography for Life [NGS 1994] or National Science Education Standards [NRC 1995]) or from major scientific organizations (e.g., Benchmarks for Science Literacy [AAAS 1993]) . When reviewing state-mandated curriculum and learning standards, it is evident that most products of the revision committees are hybrids of existing state or local standards and national standards.
Teaching the contents of mandated curriculums usually fills, or may well exceed, an academic year. Therefore, already overextended teachers, out of either personal interest or professional judgment, may not enthusiastically welcome offers by well-intentioned professionals or organizations to add even more topics to the curriculum.
Although it is unlikely that schools will invite individuals or organizations to teach or to develop a curriculum for topics that are not in the mandated curriculum, an organization that can show how using its program or materials will help teachers fulfill mandated curriculum objectives may garner support. One of the most successful residential environmental education centers in eastern Tennessee has done just that: It correlated its program's lessons and activities to the fourth-grade curriculum in science, social studies, language arts, mathematics, and music to show teachers how its program could help teach the mandated state curriculum. Equipped with this assurance and a quality program, the environmental education center enrolls many classrooms.
Recommendation: Before approaching a teacher or school with an offer to teach a class, present a program, write a new curriculum unit, train teachers, and so on, read the curriculum. Be prepared to explain how the proposed program helps deliver it.
Curriculum competition
In spite of the fact that there is little room in the K-12 curriculum to teach additional topics, nonprofit organizations, governmental agencies, and others continue to focus on curriculum development. A brief walk through a vendor fair at a K-12 conference reveals dozens of curriculums on topics in every discipline. Many topical and issue-based curriculums (e.g., water pollution, antiracism, fire safety) involve a multidisciplinary approach, with the chosen topic taught through several disciplines (e.g., social studies, science, math, music, and art). All curriculums compete for a time slot in the busy academic calendar, and one that can help meet mandates in several disciplines might well be viewed with favor by elementary teachers who often teach interdisciplinary units. High schools, however, are typically arranged by disciplinary departments and courses; here multidisciplinary curriculums are less useful. Many curriculum developers match activities to curriculum objectives so that they can show how their product fulfills state mandates.
Teachers and administrators receive many offers for free curriculums, and they refuse most of them. In most cases, curriculum developers are looking for a free or inexpensive delivery system for their products. Curriculum adoption means that the school district accepts the costs and the responsibility associated with the training of teachers, implementation, materials, assessment, evaluation, and revision.
Many nonprofit organizations that develop curriculums work only on the writing phase, for which money from funding sources is generally available. Money is not as available for other phases, such as implementation or evaluation, which are far most costly than the writing phase. When a school adopts a program, administrators often have to take resources from one program to invest in the new one. Moreover, many curriculum developers do not know whether their product is effective. Although some developers run a pilot of their curriculum with a few teachers, few organizations assess the effectiveness of their product and then revise it according to the results. Schools would be much more interested in curriculums developed by outside organizations if the developers offered to work collaboratively with the schools to provide training, materials, and evaluation.
Recommendation: If your organization is considering writing a curriculum, also consider writing a budget for associated teacher training and followup, materials, and evaluation. After writing the budget, consider whether funding is available and whether your organization would be willing to pursue it. What partners would make the larger project possible? Expect to market the new materials rather than expect the materials to market themselves.
Heavy workload of teachers
A teacher's workday may appear to be short (approximately 6.5 to 7 hours), but it does not end when the children leave the school building. Planning, grading papers, evaluating and reporting performance, and completing official paperwork, for example, take many additional hours. In fact, many surveys indicate that teachers need more planning time. Teachers would like to explore new ways to teach themes within the curriculum; however, limited planning time prohibits them from exploring, reading, preparing, and running pilots of new curricular materials. Curriculum developers are bewildered when teachers do not review their materials, but lack of time prevents teachers from exploring even the highest quality materials.
Recommendation: Form an advisory group of teachers to help develop materials that reduce review and preparation time. Because teachers rarely can miss school for committee work, the advisory committee should meet in the evening or during the summer. Members of the advisory committee should be compensated for their time at rates commensurate with their salaries.
Learning styles: Not everyone learns the same way
Until the mid-1970s, educational research focused on finding one best method for teaching everyone. Now, however, educators recognize that each student learns in a preferred way. These preferred ways of learning are called learning styles. Although each person's learning style is unique, these styles fall into major groups. Teaching to engage students of different learning styles is a major consideration when developing new K-12 curricular materials (Samples et al. 1985, Dunn and Griggs 1995) .
Learning styles can be categorized in a variety of ways, one of which is modality. A modality is a sensory channel through which a person receives and retains information. The modalities most important to educators are auditory, visual, and kinesthetic-tactile (Guild and Garger 1985) .
Auditory learners use their voices and ears as primary modes of learning. Auditory learners remember what they hear and what they express verbally. When they have difficulty learning, they tend to talk things through. As learners, they thrive in discussions, appreciate the teacher's explanations, and remember assignments that are given orally.
Visual learners picture in their minds what is being described. They understand and remember what they seewritten works, pictures, graphs, maps, movies, and art, for example. They appreciate pleasant physical surroundings and the use of illustrations (e.g., charts, diagrams, outlines, overhead transparencies, and slides). They remember assignments written on the board.
Kinesthetic-tactile learners like to touch things and to be physically involved in what they study. As learners, they like to be busy-making a product, acting out a situation, or doing a project. They thrive in laboratory settings where they can experiment, practice, and try new things. All this activity helps them to understand and to remember.
Most primary school students are kinesthetic-tactile learners; as they mature, they add visual and auditory strengths (ASCD 1979) . For this reason, hands-on teaching is essential for building a good science and math foundation in the elementary years. Children learn best using manipulatives or exploring the macroworld around them.
Because one-third of high school students also learn best through the kinesthetic-tactile modality, manipulatives, hands-on activities, laboratory activities, and exploration remain effective teaching tools in the upper grades, although the tendency is to rely more on lectures (ASCD 1979, Dunn and Griggs 1995) .
Successful learners often function in more than one modality. Multimodality students have a higher chance of success because they draw from a broad range of situations through which they can learn. Students with one modal strength can become stronger students by transferring information from a weaker mode to a stronger one.
To accommodate and teach students of all three learning modalities, teachers plan lessons, units, programs, and materials so that all students can hear, see, and do each time a new set of concepts is presented. Teachers are systematic about engaging students of each modality. If students do not understand an idea presented in one modality, they may understand it when it is presented again in another modality. Teachers can help students develop their weaker modalities by helping them practice types of learning that are not naturally easy for them. Remember that most children in primary school and about a third of high school students are kinesthetic-tactile learners. It is important for their success that we do not teach them only through talking, which is the current norm.
People tend to teach in one of two general patterns. They imitate the way they were taught, or they teach the way they learn best (Ebeling 2000) . Both of these general patterns have brought some measure of success to the classroom, yet many students still struggle to learn. Because the way these struggling students have been taught does not match the way they learn best, many of them feel like unsuccessful learners (Dunn and Griggs 1995, Leaver 1997) . Varying teaching styles to engage students of different modalities or learning styles ensures that more students will be reached.
Recommendation: Create programs that engage students of all learning modalities, and identify this feature in the project description and promotional literature.
Age and developmentally appropriate materials and programs
We all know that teaching relativity to kindergarten students would be a futile effort-their brains simply are not mature enough to grasp abstract concepts. For science and math teachers, knowing when students can grasp abstract concepts is important. For example, many students in grade 7 have difficulty understanding the concept of density. This may be because seventh-grade students are in transition from concrete to formal operations, as defined by Jean Piaget. Concrete learners need to see or manipulate objects to understand concepts. Abstract thinkers, who are cognitively more mature, do not need concrete objects to help them understand abstract concepts. Cognitive development has many implications for science classes, such as limiting the number of variables in an experiment-concrete learners can control for only one variable (Trowbridge and Bybee 1990) .
Recommendation: Before designing a science education program, learn about the intended audience, including the students' cognitive level of development.
Sound learning theory is essential
After decades of education research, we now have an impressive knowledge base on how people learn and on best practices related to effective teaching methods, training of teachers, and evaluation of student achievement. In previous decades, educators could move fearlessly ahead, writing curriculum on the basis of intuition, untested practice, or speculative theory. Today, however, good curriculum developers base programs on qualitative and quantitative research. In fact, schools expect new materials and programs to be based on best practices and sound theory.
Recommendation: Do a thorough literature review before creating programs and materials to ensure that the proposed products are based on sound learning theory and practice.
Sound science pedagogy
Over the past 40 years, the educational community has learned a great deal about how to teach science effectively. Research shows that hands-on science and learning through discovery or inquiry are effective and important (Bredderman 1983 , Blosser 1985 . For example, laboratory work-an important part of science education, especially since the 1960s-engages students in scientific enterprise and develops science process skills, which can be used in many other disciplines as well as in life outside the classroom. Some hands-on activities use specialized equipment (e.g., vacuum pumps and graduated cylinders), and others use common items found in everyday life (e.g., batteries and light bulbs). Some laboratories are carried out in natural settings in schoolyards and parks. All three approaches are effective. The current trend is to use common materials for hands-on activities in the elementary grades and middle school and to reserve specialized equipment for high schools. Conversations with colleagues and publishers reveal that, with recent budget cuts and concern over safety and hazardous waste, laboratories that use more common materials or computer simulations are replacing specialized equipment even in the higher grades.
Laboratory work allows students to experience science firsthand. Laboratory activities often fall into three general categories:
(1) Inductive laboratory activities generally give students concrete learning experiences from which they can explore new ideas or the world around them before concepts are formally introduced in the classroom.
(2) Verification or deductive laboratory activities give students opportunities to confirm abstract concepts and theories they have learned in class.
(3) Skill development laboratory activities give students practice in using basic skills (e.g., observing, classifying, using numbers, measuring, questioning, recording data, inferring, and predicting), integrated skills (e.g., defining operationally, formulating models, controlling variables, interpreting data, hypothesizing, and designing experiments), or technical skills (e.g., focusing a microscope or calibrating and using a balance).
Hands-on activities give students the chance to "do" science, to experience science as a way of systematically exploring and knowing, rather than to encounter science as a body of knowledge or history of accumulated facts and ideas to be memorized. Hands-on activities are also enjoyable for many students and serve to motivate them and stimulate their interest in science and school (Trowbridge and Bybee 1990, Ebenezer and Haggerty 1999) .
The image of a teacher pouring information into a student's head is outdated. Today, the K-12 educational community thinks of students as active, not passive, learners. Students are encouraged to create their own knowledge through active involvement in the learning process (Yager 1991 , Schulte 1996 . As a result, teaching strategies such as discovery, inquiry, constructivism, and learning cycles are popular. Research also indicates that they are effective (Gabel 2003) .
Although a single, accepted definition of discovery learning is difficult to find, discovery learning is generally accepted as an essential component of good science teaching. For discovery, the teacher provides a rich and supportive learning environment in which students can observe or manipulate materials. Through their curiosity, explorations, use of the materials, questioning, and discussions, students investigate and discover the macroworld around them. Such discoveries as noticing that bulbs burn more dimly when several are connected in a series circuit have been made by thousands of students over the decades, but each child who makes the discovery undergoes a meaningful and memorable learning experience.
Relevance of scientific concepts to students' lives is also important. If students can understand a link between the science they study in the classroom and the world they live in, they are often more motivated and have better attitudes toward science. Improved attitude is often linked to greater achievement.
Recommendation: Use proven methods of effective teaching, such as hands-on science and discovery, when designing educational programs.
Importance of achievement test scores
High-stakes testing has become a major educational issue. Standardized testing has become more popular, and in many states, testing is used to rate schools, to determine graduation and promotion of students from one grade to the next, and to evaluate teachers (Jaeger 1991 , Shepard 1991 , Stake 1991 , Loschert 2000 , Costigan 2002 , Voke 2002 . Although testing is popular with policymakers and politicians, it has changed the taught curriculum, compelling teachers to prepare students throughout the year for taking tests (Jaeger 1991 , Shepard 1991 . Because such tests are based on a mandated curriculum, teachers are hesitant to dedicate classroom time to topics and programs that are not mandated or that do not appear on a test. Teachers fear that time away from the mandated curriculum or test preparations will lower test scores (Shepard 1991 , Loschert 2000 , Costigan 2002 
Proposal clearance
Most school districts require that all proposals for outside funding go before the school board for approval before submission to the funding agency. To be placed on the agenda for a school board meeting, usually any item of new business has to withstand several preliminary committee meetings. Keep in mind that school boards meet monthly or less frequently.
Recommendation: If your organization partners with a school in a proposal, consult with them early in the planning process to find out what sort of lead time they need to get internal approval.
Conversation with a superintendent of curriculum and instruction
Charles Hopkins, a former superintendent of curriculum and instruction for the Toronto Board of Education, says he used to meet on average with one special interest group each week. Each group tried to convince him that its issue, concern, or new idea should be included in the K-12 curriculum. The many topics ranged from scientific to social issues (e.g., fire safety, peanut allergies, gender issues, eating disorders, antior pro-fur harvest, care of classroom animals, multiculturalism, antibullying, clean air, waste reduction, or wildlife conservation). Some groups brought binders of curriculum materials, which they offered to distribute free to teachers. In each case, the group wanted to use the school as a free or inexpensive delivery system for its message. Hopkins commented, "Each group tried to make its needs a school issue. It was my job to meet the needs of the students, teachers, and community, not the needs of the special interest groups." He went on to explain, "To implement any new program I'd have to take resources away from other programs. Those resources are money, time, and teacher goodwill, and all three of these are in short supply. So if you're going to use them, you have to pick your programs very carefully." "The few who were successful," said Hopkins, "offered to work with us to codevelop materials. We put together groups of teachers and professionals from outside the school system to assure the education methods and the disciplinary content were of high quality."
Hopkins went on to explain that some groups think that if they give binders of curriculum material to schools to distribute to teachers they are making a big contribution to the school district. However, the development and distribution of curriculum is the least costly part of implementing a new program. In fact, training teachers is an expensive, yet important, part of curriculum adoption. Hopkins explained that research shows that if materials are distributed, about 10 percent or fewer of the teachers will use a few selected pages. If distribution is accompanied by a short workshop, adoption of the entire program is 2 to 5 percent; with a one-day workshop, adoption rises to 5 to 7 percent. Follow-up sessions with teachers committing to use the materials will yield higher adoption rates. Workshops and follow-up sessions with inservice teachers are expensive, because school districts must often bear the cost of substitute teachers while the classroom teachers attend the workshops. Program providers often pay teachers stipends if they attend weekend or summer workshops.
"Who is going to pay for evaluating these proposed programs?" asked Hopkins, expanding on the ramifications of the requests of special interest groups. "How are we going to know [a program is] effective, so we can learn from it and build on it? Or get rid of it, if it does not accomplish what the authors intended." "School systems are hard to change," he advised."They are not like businesses. In business, if you sell an idea or a part to the top, change will occur throughout the organization. For example, if you sell a part to Ford, it will appear in all Broncos for a year or more. In a school district, however, you could sell an idea to a superintendent, but a principal or teacher may not totally buy in."
"One reason teachers may not adopt a new program is that they are worried about their own professional performance," he explained. "With any new skill, your performance temporarily drops as you learn something new. Eventually, you may reach new levels of performance, but the dip is scary."
Hopkins added a concluding remark: "In all my years as a principal and superintendent, not one person came to me and asked what I needed help with. Most groups approached us with a solution to a problem we did not have. Few groups were willing to develop an idea with us. Most viewed us as a cheap delivery system for their package, message, and solution."
Recommendation: Begin a dialogue early with a school system that you want to work with and offer to co-develop materials.
Conclusion
Unfortunately, researchers with the best of intentions may be unaware of the realities of K-12 schools. Although it is easy to make mistakes in approaching schools, developing curriculum, or teaching, careful preparation will increase successful interactions with K-12 schools.
